Twenty-five patients with acute head trauma were studied prospectively for appearance of infection during hospitalization in an acute care unit. The study demonstrates: multiple changes in bacterial flora particularly in the respiratory tract, a significant morbidity due to bacterial changes in the respiratory tree, a negligible incidence of bacterial disease due to physiological monitoring procedures, and an inability to correlate changing flora with specific therapeutic or manipulative procedures except tracheostomy. Mortality correlates well with the severity of illness and indirectly with changes in bacterial flora. Despite the frequent isolation of coagulase-positive staphylococci, severity of infectious complications correlate most closely with the acquisition of gram-negative organisms in the respiratory tract.
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head trauma brain injury respiratory flora postoperative pneumonia pneumonia hospital-acquired infection gram-negative bacterial EPORTS of head injuries have usually focused on the presence and duration of coma and abnormal posturing as prognostic factors. %~ The effect of the bacterial flora on the clinical course of these patients has not been studied extensively. This investigation was designed to correlate changes in bacterial colonization in braininjured patients with age, sex, previous existing disease, severity of both cranial and associated trauma, and specific modes of therapy.
It has been shown repeatedly that gramnegative bacteria represent a major threat to the hospitalized patient. 7,1~ Whether these organisms are unique to the hospital environment "~,n,7,1~ or are endogenous to the individual patient s,9,13,1a is not always clear. Regardless of the source, the significance of these organisms in the respiratory tract under certain conditions has received considerable attention. 6,11,17,~s Most pulmonary infections of bacterial origin occurring outside a hospital environment are associated with organisms normally inhabiting the human upper respiratory tractY ~ Colonization at this anatomical site by enteric gramnegative organisms is usually associated with increased morbidity and mortalityY 8 Protocols to study the patterns of bacteriologic flora in brain-injured patients and their potential relationships to morbidity and mortality were developed to answer the following questions:
1. Does the microbiologic flora of brain injury patients change during hospitalization? 2. If so, which events correlate with changing flora? 3. Is this alteration in flora associated with an increase in morbidity or mortality? 4. Do the various physiological monitoring procedures used to treat these patients have an effect on the infectious complications?
Materials and Methods

Patient Selection and Organization
Approximately 80 patients with central nervous system dysfunction were admitted to the Head Trauma Unit (HTU) between September, 1967, and April, 1969. The medical care of all patients was supervised by one investigator (CEB). Another single investigator (DAR) was responsible for obtaining and interpreting all bacterial cultures? 4 Of these 80 patients, it was possible to study 25 individuals comprehensively to determine their bacterial flora during hospitalization in a two-bed acute Head Trauma Unit. Table 1 shows the various methods used for routine and special handling of specimens obtained from these patients. This was in accordance with the procedures outlined by Bailey and Scott. ~ Tracheal suctioning for clearing the airway, as well as securing specimens, was performed with sterile glove technique. Disposable catheters were used once and then discarded. The sterile technique of tracheal suction performed in the emergency ward or the operating suite could not be assured. Insertion of vascular, subarachnoid, and ventricular catheters was performed with sterile technique using phisohex scrub and application of iodine or alcohol.
Collection of Specimens
Constant bladder irrigation with triple lumen urinary catheters was utilized. This necessitated bladder rinsing with sterile normal saline prior to specimen collection. Urine for culture was obtained by sterile aspiration from the urethral catheter.
Cultures from wounds, urine, blood, intravenous catheters, and respiratory tracts, as well as nebulizers and other devices used Examined by gram stain and transferred to blood sugar at 2 and 9 days; quantitation by 1 and 2 ml pour plates.
~: Specimens examined daily for 3 days prior to discard. w The centrifugate of cerebrospina| fluid was added to sheep blood broth; supernatants were saved for reculture and observed regularly for turbidity for 3 days. ma, e.g., heart failure or chronic obstructive pulmonary disease, were assessed and given a numerical value from 0-8. Theoretically, the highest value that could have been assigned was 47. Since the scores for our patients ranged from 13 to 35, "mild illness" was arbitrarily indicated by a score of 19 or less, "moderate" 20 to 26, and "severe" over 27.
Results for respiratory assist, were obtained on days 1, 3, and 7 and then at weekly intervals. Additional cultures were obtained and studied whenever indicated on clinical grounds or when made available for other reasons, e.g., removal of intravascutar or subarachnoid catheters. Results of cultures taken after the patient was discharged from the Head Trauma Unit are not included in this report.
Severity of Illness
The severity of the overall illness in each patient was estimated and then semi-quantitated at the time of the initial evaluation by two of the authors. The numerical values arbitrarily applied to the various clinical parameters were as follows: coma (8), absence of pain response (8) Table 2 indicates that, of the 25 patients, seven were female and 18 were male. The ages of these patients ranged from 10 to 67 years. Mortality seemed to be related to severity of illness since six of the nine patients in the severe category died.
Specimens Examined
The number of cultures taken from each individual site is listed in Table 3 . Each of these sources may serve as a potential reservoir for systemic sepsis. However, with the exception of specimens obtained from respiratory tracts, only five cultures isolated from all other sources were considered to be an expression of infection. The single blood culture of Diplococcus pneumoniae probably represented a transient baeteremia rather than septicemia since only one organism per milliliter of blood was recovered. Table 4 * Single specimens in six patients were positive but the second specimen was not obtained, and antibiotics were administered or the patient was transferred from the Head Trauma Unit.
As shown in Table 3 , catheterization of the bladder, placement of intravascular or subarachnoid catheters, or other nonrespiratory manipulation had little significance. Organisms were cultured from only three of 42 intravascular catheters, and none of these produced clinical disease. No growth was obtained from any subarachnoid catheter. The only patient who had meningitis (Klebsiella pneumoniae) did not have a subarachnoid catheter to facilitate entry of the organism. Urine and wound cultures that were positive for potentially pathogenic bacteria did not contribute to morbidity except in the three individuals with urinary infection.
Respiratory Flora
Predominance of alpha hemolytic streptococci, gamma streptococci, diphtheroid species, and Neisseria catarrhalis indicated normal respiratory flora. 1~ Recoveries of enteric bacteria, candida species, and heavy concentrations of coagulase-positive staphylococci, Diplococcus pneumoniae, and Hemophilus in[tuenzae, were regarded as abnormal, especially when there was decreased growth of normal cora. Staphylococci, Hemophilus influenzae, and Diplococcus pneumoniae are frequently found in low concentrations in normal persons; 15 sparse growth of any of these organisms was not considered abnormal.
The abnormal flora recovered from respiratory tracts is shown in Table 4 . Unusually heavy growth of commonly recovered bacteria such as Diplococcus pneumoniae and Hemophilus influenzae account for several entries in the table, but the large number and variety of gram-negative "pathogens" are remarkable. Repeated isolations or persistence of a potential pathogen in the same patient are recorded as only one isolation, despite multiple recoveries.
All patients subjected to tracheostomy showed either persistence of abnormal flora or a change to additional pathogens. In seven patients with coagulase-positive staphy|ococcus as the initial pathogen, this organism was replaced by an enteric bacillus, such as pseudomonas, E. coli, or a member of the Klebsiella-Enterobacter group. 
Effects of Tracheostorny
Even when managed with sterile technique, tracheostomy in these patients encouraged or permitted colonization of the tracheobronchial tree with other potentially pathogenic organisms, Among the 12 individuals with normal respiratory flora on admission, nine were followed for longer than 3 days. Six of them had tracheostomies, and all developed a change of flora to potential pathogens; of the three individuals who did not have a tracheostomy, only one developed abnormal flora.
Among the 12 patients who had abnormal flora when first studied, the nine tracheostomized patients showed additional pathogens after tracheostomy while the two nontracheostomized patients did not show further changes of flora. One patient was observed for less than 3 days and the assessment could not be completed.
Clinical Injection
Clinical infection due to abnormal flora (Table 5) was definite in nine patients but was considered likely in eight more. Five had persistent and significant tracheobronchitis with copious purulent secretions, abnormal chest examinations, and moderate respiratory insufficiency, Terminal septicemia was suspected in one patient (Case 1 ); no blood cultures were obtained just prior to death, but pseudomonas in pure culture had been obtained from the oro-and nasopharynx several days earlier.
Another patient (Case 2) had significant lung contusion, rib fractures, and pneumonia; Enterobacter aerogenes was recovered from the trachea and lungs at autopsy. Acute tracheobronchitis without pulmonary involvement was observed in two patients (Cases 7 and 9) with heavy growth of Diplococcus pneumoniae and either coagulase-positive staphylococcus (Case 9) or Hemophilus inflenzae (Case 7) in tracheal aspirates.
Three other patients (Cases 3, 6, and 8) manifested acute tracheobronchitis from gram-negative pathogens but again no pulmonary involvement was observed. All three of these patients had mild chronic obstructive pulmonary disease prior to head trauma. One patient (Case 3) demonstrated Klebsiella pneumoniae in the trachea prior to the onset of meningitis due to the same organism.
Heavy colonization of the tracheobronehial tree with one or multiple organisms occurred in six additional patients. This persisted despite vigorous aseptic tracheal care and, in most cases, antimicrobial drugs.
Enterobacter cloacae, E. coli, and coagulase-positive staphylococci caused urinary tract infections in Cases 4, 5 and 9, respectively. In addition to the nine patients listed in Table 5 , six others had urinary colonization found on only one occasion. Five of the six patients who died in this series of 25 had documented infection.
Correlation o[ Flora with Manipulation and Therapy
Correlation of specific events occurring during the care of these patients and the appearance of abnormal flora was attempted. The combination of surgery (including intubation), tracheostomy, and the use of antimicrobial agents was always associated with the appearance of enteric bacteria by the second day after brain injury.
Discussion
The results suggest that multiple factors participated in the development of potential or real infectious complications. While cultures were obtained from multiple sites, it became apparent that the most important microbiologic changes occurred in the respiratory tract. No infections could be attributed to intravascular or subarachnoid catheters or to surgery itself. This is especially significant since the various manipulations performed to study and monitor the physiological functions of these patients played little or no role in the acquisition of infection. Of 25 patients studied, only three developed significant bacteriuria (100,000 org/ml), and meningitis occurred in only one. In this latter patient, KlebsieUa pneumoniae was recovered from the cerebrospinal fluid as well as from the respiratory tract. The organism may have reached the subarachnoid space by hematogenous spread or even by direct extension; a subarachnoid catheter was not used.
It is apparent from Table 2 that the severity of illness as judged by multiple neurological factors, associated trauma, historical data, and potential medical disease influenced the mortality of the patients studied. Six of the nine patients categorized as having severe disease died, while only one with moderate illness died and none with mild illness.
Thirteen of 25 patients showed coagulasepositive staphylococci in the respiratory tract at least one time during the hospitalization (Table 4) . Despite frequent isolation, this organism was thought to have caused infectious illness in only one patient (Case 9), who had acute tracheobronchitis due to l)iplococvus pneumoniae and coagulasepositive staphylococci and a urinary tract infection due to the same strain of staphylococci.
Most of the infections in these braininjured patients were due to gram-negative bacilli (Table 5 ). In many there was considerable difficulty in making a precise diagnosis of the anatomical extent of the infection. Unremitting fever, abnormal respiratory tract flora, x-ray findings, persistently elevated white counts, and diffuse physical findings in the chest were pertinent factors in most patients. Perhaps all patients with tracheostomy had an element of tracheobronchitis but the role of bacteria in the pathogenesis of the inflammation was not always dear. Bronchial tissue examinations were not available in these patients.
There were difficulties in attempting to correlate multiple factors and abnormal flora because of the small number of patients and the numerous important events that occurred. While strongly suggestive, correlation between the severity of illness and the appearance of bacterial pathogens cannot be considered as definite. Surgery, tracheostomy, and vomiting seemed to be important factors that altered normal flora in the shortest time. In one patient neither tracheostomy nor surgery was performed; although abnormal flora developed, its appearance was delayed until the 9th hospital day.
Johanson, et al., 6 reported changes in the pharyngeal flora of hospitalized patients and correlated this with the severity of the illness that necessitated hospitalization. These authors made no mention of tracheostomy, and only oropharyngeal organisms were studied. They hypothesized that pharyngeal clearance mechanisms are impaired in severely ill patients. Perhaps our data support that contention since the greatest alteration in tracheal flora in our patients occurred after tracheostomy.
In certain conditions such as direct trauma, high oxygen concentrations, inanition and air pollution, 4 respiratory clearance mechanisms are compromised. With the additional factors of tracheostomy and frequent manipulation, further reduction in clearance and overgrowth by gram-negative bacteria can be expected. TM Antibiotic therapy has been shown to alter bacterial flora. 14,16 In a comparable manner, our data implicate the administration of antimicrobial drugs in the change to gram-negative flora or a selection of it in 13 patients. However, all these patients had undergone tracheostomy, surgery, or mechanical respiratory therapy or had experienced vomiting prior to the change in the tracheal flora; therefore a direct correlation with antibiotic therapy exclusive of other factors is not possible.
Conclusions
We believe partial answers to some of the questions asked at the outset of this study are available. 1)There is a change of microbiologic flora, particularly in the respiratory tract of brain-injured patients during hospitalization. 2) Events that correlate best with the change in flora are surgery (including tracheal intubation), tracheostomy, and vomiting. Bacterial selection due to antibiotic therapy probably did occur but our data do not support these drugs as an exclusive factor. 3) Altered respiratory flora produced significant mor-bidity but in view of the severe nature of head injury as the underlying illness we can only speculate on the effect of altered flora on mortality. 4) The various procedures performed for monitoring physiological parameters during hospitalization played little or no role in increasing infectious complications.
Perhaps little can be done to prevent the change of normal respiratory flora to predominant enteric bacilli in the braininjured patient. However, when respiratory clearance mechanisms are impaired, the overall nursing and supportive care must excel in order to minimize the potential danger of colonization by pathogens in the tracheobronchial tree. Furthermore, when infection does occur, prompt and correct results of bacteriological investigation should be available to assist in the choice of antimicrobial therapy.
